ABSTRACT
INTRODUCTION
The ability to rapidly produce DNA sequences of microbial and fungal genomes has highlighted the need for specialized tools that can display information about thousands of genes on a genomic scale rather than on a gene-by-gene basis. The ability to view functional, comparative, or compositional data for large regions or an entire genome can be helpful in understanding the organization and function of the genome as well as the relationships between two or more evolutionarily related genomes. Here, we describe the program GenomePlot, which is capable of displaying a wide variety of data on a single genomic backbone in either a circular or linear format. This system has been used to generate displays for a number of genomes, including Methanobacterium thermoautotrophicum (Smith et al., 1997) Helicobacter pylori (Alm et al., 1999) , Clostridium acetolbutylicum (Nölling et al., 2001) and Agrobacterium tumefaciens C58 (Wood et al., 2001) .
FEATURES
Circular plots can show a great deal of information in relatively little space. Figure 1a illustrates how evenly the ORFs and their functions are distributed on both strands around the genome (Smith et al., 1997) . Varying shades of grey in rings 5-7 readily show sequence similarity between M.thermoautotrophicum and archaeal, bacterial, and eucaryal sequences respectively. * To whom correspondence should be addressed. 0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000 200000 210000 220000 230000 240000 250000 260000 270000 280000 290000 300000 310000 320000 330000 340000 350000 360000 370000 380000 390000 400000 410000 420000 430000 440000 450000 460000 470000 480000 490000 500000
Fig. 1. Circular (a) and linear (b) maps of the Methanobacterium thermoautotrophicum H genome and comparative analyses (Smith et al., 1997) . Moving from outside to center in (a), the rings show: forward strand function; reverse strand function; %GC; genes with conserved order in Methanococcus jannaschii; and SW %Ids for the best alignment with M.jannaschii, bacterial polypeptides, and eucaryal polypeptides, respectively. Line segments arrayed around the center indicate the positions of cosmid clones.
Linear plots can be used for non-circular chromosomes or an expanded view of the circular data. With the exception of the cosmid clones, Figure 1b shows the same data as the first 500 000 bases of Figure 1a , but the data may be visualized more clearly because of its linear orientation. Currently, the program is designed to read and draw one chromosome or plasmid at a time, but this could be easily extended to draw more, possibly in separate windows.
IMPLEMENTATION
GenomePlot is designed to run as a command line application on Unix operating systems using X-windows. Perl 5.004 and Tk 4 are the minimum necessary to run GenomePlot, but Perl 5.6.1 and Tk 8 or higher are preferred.
GenomePlot can run on PCs running Microsoft Windows, with certain limitations: printing is not supported, the Save option can only write PostScript files, and arcs are not always drawn correctly on larger datasets. GenomePlot has been tested on PCs using ActivePerl (http://www.ActiveState.com). Incorrectly drawn arcs are due to a flaw in the method by which ActivePerl draws arcs on the screen and to PostScript files.
The program reads an input data file containing information on the location and characteristics of each gene in a tab-delimited format. Each line of the file contains the information needed to draw one gene. Necessary columns are gene name, function code, and start and stop positions within the genome, while additional columns may contain %GC, %ID with other organisms, and almost any other data the user may wish to plot per gene.
The user may choose to have all the genes, color-coded by function, plotted in one ring or separated into two rings by direction of transcription. The remainder of the data are plotted one ring per data column.
Menu options allow the user to zoom to the desired view of the data or to toggle various items on or off. The user may print or save the entire plot or the currently viewable region in PostScript (default), or other standard formats such as GIF, TIFF and JPEG. PostScript files provide the best resolution, and are suitable for use in journal publications.
CUSTOMIZING THE CODE
While GenomePlot was designed to meet most users' basic needs, small modifications may be required to customize it for each user or possibly each genome.
Although the function that reads the data file assumes that columns are in a particular order, this routine may be easily modified to read the necessary data in any order from any source. This routine may be modified to read and analyze raw data on the fly, since reading preprocessed data is only a time saving feature used for data that changes infrequently.
The majority of the drawing is done in two easily customizable subroutines, one each for circular and linear plots.
